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CH.RICTERISTICS OF THZ GOURSE OF (OVBINED .FFECTIONS C..USED
BY THE ACTIOM OF IONIZING R.DI.LTION KD BURN TR.UM.

éﬁhis is a translation of an article written

¥ s L, Komendantova, and othcrs in Mcditinskaya
Rediologlya (Medical Radiology), Vol IV, Ho 10,
1959, pages 54-58./

- large nuaber of investigations by foreign as well
ae Boviet authors have boen devoted to the study of the
autually aggravating effecet of burns and ionizing radiation
in conbined affecctions (... N. Berkutov, B, M, Zhronov,

V. ... Polyakov, ... S. Rovnov, Brooks, Evans, Han and Reid,
»lpen and Sheline, Baxter, Drunnond, Newshan and Raudel, .
Black and if, Tsuzuki Xusano, et al.). The physiological
mechanisng of the nutually aggravating syopton in combined
affections are obscurc. It is generally believed that
infection 1s basic to its dovelopment., This gyaptoa 1is,
first ef a2ll, a2 function of the radiation dose and the
scverity of the burn trauma in combined affections, caused
by the effeet of the burn and the ionizing radiation.
However, its development deponds on a nuaber of conditions:
the initial state of the organisn, its individual sensitivity
to the action of ionizing radlation, the innunoblological |
reactivity level, the state of the homopolictic system, the
type of therany, etc.

In tho precsent report we prescnted the experimental
data which charactorize thc course of coabined affcctions
caused by the actlion of ionizing radiation in dosce of 400-
600 r, coupled with first-sccond and sccond-third degrece
burns covering from 1.5 to 10 percehat of the body surface
of dogs. The burns were inflicted by mcans of a nagneslun
flash, i.e., a source of hcat encrgy of high intensity and
bricf action., agnesiunm mixed with bariuam peroxide was
iznited at a distance of onc centincter (second-third
degree burns) and 8-10 en (first-second degrec burns) froa
the skin of tho animal.

Burns caused by powerful sources of hcat cenorgy of
bricf action have thoir pathogenctic characteristics
(Pcarsec and Paync). While in noderato heat (burns froa a
flane, or froa boiling water), we observe gradual extension
in the doagrece of tissue injury between the nornal and danaged



tissues, froxt the eonter of the injury to its periphery,

in burns causcd by a "flash" this gradualnoss is absent,
There 18 a distinet domarcation béetweon the normal and the
danaged tissucs, In thosc éases thore is usually a charring
of tﬁe tissucs in the conter; a zone of whitc coagulation

on the periphery, and a narrow hyperrhomic line which
surrounds the entirc affeccted zone. In less severe burns
zonca of white-coagulation neerosis appear predominantly,
and in certain arcas change into a solid crust of brown color,
Zdeoma and erythenma arce quite frequently present: Healing:
is offccted mainly through scquestration., Epitholization
develops with more intensity than 1t does in usual burns.
This 1s duc to the fact that the epitheliua is devebping
froa non-danaged epithelial elements along the periphery

of the burn and skin appendasges. Scvere burns caused by a
radiation flash, as compared to burns caused by a moderate
heat action (boiling water, stean, flame), also healed
faster and were accompanied by a lower nortality rate.

The added coffcet of ilonizing radlation aggravatocd
the coursc of thcse burns in the majority of cascs.

In our experinents, trcatment of the animals started
within 24 hours following the infliction of the combinod
trauna. It was conducted in accordance with the schenc
worked out by P. D, Gorizontov. We nade a substgntial change
in this schene: the transfusion of its derivatives was
renlaced by the intravenous administration of Belen'kiy's
therapcutic socpun. This scrun posscsscs anaphylactogenic
properties., H wever, if this scerun 1s adninistered to aninals
with combined affections at intervals of 1-1 days, the nuaber
of conplications does not exceed 3.6 percent. The complica-
tions develop, as a rule, aftecr the sixth or scventh
adninistration of the serun, and’coinclde in tinme with the
height of the radiation sicknoss.,

In the first control series of oxperiments on dogs,
we studicd the effect of snall sccond-third dcgrec burns,
of two to five percent of body surface, on the course of
the radiation sickness induced by a 400 r dose of ionizing
radiation, No therapy was ciployed in this ecries. .. total
of 13 dogs perished in this oxporiment. The nortality rato
was 92 ncrcent. The average life span was 14 deys.

.ccording to the data of P, D. Gorlzontov, the
mortality rate of non-trcated animals subjected to ionizing
radiation of 400 r 1s 20 percent, The life span does not
excecd 20 days. The mortality rate of dogs with third
degrce burns, of five percent body surface, with no ionizing
radiation complications is nil, :

The aggravating effoect of small second-~third degrec




burns on the course of a radiation trauma manifested itself
in a higher nercentasze of mortality in the animals, a
snortening of their life snan, a more acute ecourse of the
radiation sickness, develooment.of a hemorrhagic syndrome

at en carly stasze following the combined action, a reduction
of the blood proteins, increase of the residual nitrogen, and
a didtinet leukopcnia and thrombopenia. Changes in the compo-
siltion of the red blood e¢ekls were insignificant up to the
10th to the 14th day. Two animals which had perished on the
24th=26th day showed & reduction of the number of blood
erythrocytes (from 5,240,000 to 3,150,000 on the average),
and of the Hb percentage )from 85 to 46 percent on the
average), The body temperature of the animals usually
increased to 41°C and higher just before death; losds of
welght was 25~30 nercent during the ten~day period.

The high mortality rate of these animals demonstratcd
the markedly agsravating effeet that very small second-third
degree burng (1.5 to five nercent of the body surface)
exert on the coursc of rediation sickness brought on vy
a 400 r dose of ionizinz radiation.

In the subsecquent series of our ianvestigations we
studiced the cffect of a burn and ilonizing radietion on the
animal organism under conditions of complex therapy. it
the same time, we studiced the characteristics of the course
of combined affections when ionizing radiation was combined
with sccond and third degrce burns, and with somc smaller
first and sccond degree burns. .. total of 27 dogs was
exnmosod to the offcet of a 400 r dosc of ionizing radistion
comdined with burns of 1.5 to 10 percent of body surfacc.

O0f thesc, scven nerished. he mortality rate was 25.9
nereent,

Small superficial first and second degrec burns
were inflicted on six dogs which had been proviously
irradiated with a 400 r dosc. The animsls survived, which
had radiation injurics complicatcd by first-second degree
burns of 10 perccent oB body surface., Their sickness hed
a clinically mind coursec, It manifested itself in slight
lagsitude, a thin, gruel-like stool, and a2 slight risc in
body tompmeraturc on the Sth-12th day following the injury.
The bDlood nroteins fluctuated within normal limits, the
wecilzht remaining stationary or cven rising., Of 14 dogs with
sccond~third degree burns of five »ercent of body surface,
combined with the effect of a 400 r dosc of ionizing radia-
tion, nine »nerished., With an increase of the burncd arca
from five to 10 nercent, the mortality rate rose to 55 percont
(four dogs out of scven verished.) The clinical course of
dhe sicknogs in animals with a combined affeetion caused by




cxposurc to ionizing radiation and sccond-third degrcoe burns
of five gorecnt of the body surfacc was the samc as in
control animals with & non-complicated radiation sickness,
The amount of blood prdtcing in the animals which had
survived varied within norpal limits, and tho residual X

of the hlood did not risc. The weight of the animals was
somcwhat lower.

Upon an incrcasc of tho burnced arca, the dlscasc ran
a morc scverc coursc; corrcspondingly, the mortality rate
wag markedly higher.  The epithelization of the first-
sccond desrce burns was completed toward the end of the month,
whilc that of the sccond-thig degree burns lasted between
two to thrce months., In somec animals it took longori
at timesg, non-hcaling »rotracted wounds, filled with
sluggish, sclerozed granulations at the sitec of the burn.
Thege ulcers would srow in size periodically.

The changes in the peripheral blood of the experimen-
tal animals and controls with a non-~complicated radiation
trauna developed according to uniform laws. H_ wover, in the
develonment of these changes certain characterfstics wore
¢licitod which wore connected with the cffecet of burns of
diversc severity (scc Table). We obscerved in burns comdbined
with the cffoct of a 400 r ilonizing radiation dosc (in
treated animals) a slower rcduction, after an initial risc,
of the number of lcucocytes in the peripheral blood, as
commarced to their change in animals with a non-complicatcd
radiation trauma, .t this, a wave-like character of the
changes in tho quantity of lcucocytes of the blood was noted,
which can be connceted with the présence of directly opposcd
influcnces of the burn trauma and the ionizing radlation on
the hcmonoictic tissuc.

In sccond~-third degrec burns combined with the
cffeet of a 400 r dosc of lonizing radiation, the number of
lcucocvtes in the peripheral blood is rcducced to the leu-
cocytary curve-lcovel of the control animals with non-compli-
cated radiation affecctions., Slight burns combined with
radiation traumas rctardcd the devclopment of leukopenia
to a certain extent., The risc in the number of leucocytes
starts on the 17th~-19th day and decvelops morc intoensively
in animals subjeccted to the effcct of the radiation trauma
combined with a burn.

ne lymnhoeytes of animals subjocted to & 400 r
radiation and a slight burn trauma incercasc in number
during the first fow days. Therc 1s no initial lncrecasc
obscrved in their number in animals with radiation affections
combined with sccond-third degree burns. The risc in the
number of lymphocytes bogan in both groups of animals on tho
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13th~14th day. The content of erythrocytes in animals with
combined affections under conhditions of trecatment 1s reduced
to a lesser degrec than in the dortrol animals with a non-
complicated redistion trauma, |

_ The data of this serics of studies demonstrated the
lessening of the mutually ageravating effoct of a burn trauma
combined with ionizing radiation, when complox therapy was
cmployced., Under these clircumstances, sccond degrcece burns
involving 10 perecnt of body surfacc do not exert an aggra-
veting offect on the course of the radiation affection, and
inhibit somewhat the development of leukopenia, Otherwise,
a2 high mortality ratc i1s observed when radiation trauma 1s
combined with sccond-third degrec burns involving 10-pcrecent
of the body surfacc.

In the third scerics of oxperiments, involving 22
dogs, we studled the cffect of first-second and sccond-third
degree-burn trauma over an area of 2.5 to five percent of the
body surfacc, on the coursc of radiation sickness caused
by a 600 r dosc of ionizing radiation. In these cexperiments
the treatment also began within 24 hours following the
infliction of & burn trauma. . total of 95 percent of non-
trcated animals with a non-complicated radiation trauma of
a 600 r dosc perished, according to data of P. D. Gorizontov.
The average 1life spen of these animals does not excced 13
days. Under conditions of the trcatment employed by us,
of ninc animals irradiated with a 600 r dose onc died, The
mortality rate was 11 pcrcont.

The addition of slight sccond-third doegrce burns to
the action of ionizing radiation reduces the cffect of
trcatment of the radiation trauma to zero. .11 animals
perished in spite of the trcatment. The average span life
did not excced 14 days.,

The majority of animals with radiatlon traumas com=~
plicated by slight burns )first-sccond degrec) of five
percent body surface survived under conditions of trecatment.
Clinically, thce affcction in thesc animals had a coursc
similar to the onc of control animals with a non~complicated
radiation trauma causced by 600 r of ilonizing radlation; a
slizht loss of weight was observed in a number of animals,
and the protein content was slightly rcduced. There was
no marked accretion of the residual N in the blood.

Under the effcct of the addition of sccond-third
degree burns of five percont of body surface to the action
of ionizing radiation, the sickness took a very scvere turn
starting on the fourth-fifth day. The animals refused food
and became listless; a bloody dlarrhca and a hemorrhagic
nasal discharge appeared. In e number of animals petochial
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hemorrhages in the skin and oral mucosa werc observed.
The blood nrotoein contont decrcased, and that of the rcsidual
il was higher. The lcudbeytc count 6f the blood was lower in
the mpjority of dogs immediatcly after the trauma. It
docroascd more drastically; startihg on the seventh day,

) in the blood of dogs subjocted gbthe action of ionizing

; radlation combined with sccond<third dogrec burns.

In animals with mild burns combined with a 600 r dosc

. of ionizing radiation, tho leucocyte cohtont was rdduccd to

' o somewhat lower cxtent than in the control animals with a
non-comdlicated radiation sickness. The restitutién of the
number of loucocytes began on the third weck followlng
treuma, and it procccded more intcnsively in animald with a
radiation affoction complicated by a slight burn., The con-
tent of lymphocytes decrcased within two to four hours
following traume. Its restitution began on the 18th-24th
day. The numbor of crythrocytos decroased to 28-30 percont
of thoe initial level toward the 25th-30th day in the control
animals, as well as in thosc with a radliation traume compli-
cated by a slight burn.

Thus, in this sories, as wll, onc docs not observe
any markedly aggravating cffect of a slight burn trauma
on the coursc of radiation sicknoss induced by cxposurc to
a 600 r dosc of ionizing radiation. & slight burn trauma
under thesc conditions inhibits somowhat the dcercasc of
lcucocytes in the blood and distinctly stimulates thelr
scerction during the initlel periods of rccupcration.

The addition of slight second-third degrece burns of
1.5=5 percoent of body surface to tho radiation trauma
aggravates and intonsifics the course of the disease,

The cffecet of the cmploycd trcatment dccfoases to zero.

Conclusions

1. Sccond-third degrec burns of two to five percent
of the body surfacc aggravate the course of radiation sick-
ness caused by a 400 r dose of lonlzing radiation. The
mortality ratc of non-trcated animals is 92 percent.

2. The aggravating offecct of sccond-third degrec
burns of five to ten percont of the body surfacc on
radiation traumas caused by a 400 r dose of ionlzing
radiation is definitely rcduced under conditions of treat-
mont. The mortality ratc docs not execed 25.9 percent.

3, Undor the action of a 600 r dose of ionizing
radiation the aggravating cffoct of sccond-third dcgroc
burng on the coursc of radlation scckness 1s not alleviated
by trecatment.




4., wMild first-sccond degrec burns of ten percont of
the body surfacc do not cxert an aggravating influecnce on
the coursc of the raiiation sicknogss In the process of
dovelonment of the radiation sicknoss, the stimulating
offcct of the focus of infoction on the hemopoictic system
manifests itsclf, as may bd. scon from a certain inhibition
of the development of lcukopenia and an earlicr and more
jntcnsive acerction of the number of lcoucoeytes in the
s blood during the period of conmvalcscence.
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Dynamics of leucocytic changes in the peripheral blood of
dogs which had been exposed to non-complicated 400 r dose
of ionizing radiation, or to one combined with second-third
and first-second degree burns. .
{-~ionizing radiation with a 400 r dose; 2~ionlzing
radiation with a burn trauma of second-third degree;

%3.400 r dose combined with first-second degree burn trauma.
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